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Abstract: The characterizations of surface morphologies, crystal structures, and op tical p roperties of the ZnO film s
p repared by a vapour2phase technique on different substrates were performed in this study. Scanning electron m icro2
scopy ( SEM ) data showed that larger ZnO particles are formed on the Au2covered Si substrates than those on Si sub2
strates. X2ray diffraction (XRD) results indicated that hexagonal wurtzite ZnO film s are grown on both Si(111) and
Si(100) substrates though they p resent different diffraction peaks with hexagonal wurtzite structure, while appears no
sphalerite structure. The ZnO film s p repared on Au2coated Si substrates p refer to grow along with c2axis orientation.
The PL spectra reveal only a narrow strong UV em ission peak at about 389 nm (3. 19 eV) in all the ZnO samp les.
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1　 Introduction
In recent years, ZnO, as a wide band gap semi2
conductor, has attracted much attention on studying
its growth mechanism and electrical and op toelec2
tronic p roperties due to a variety of app lications in
electronic, photoelectronic and sp intronic devices.
ZnO has a stable hexagonal wurtzite structure in the
space group P63 m c with lattice spacing a = 0. 325
nm and c = 0. 521 nm. Its large exciton binding
energy (60 meV ) , which is much greater than the
thermal energy at room temperature (RT) , makes it
a p rom ising candidate for app lications in blue2UV
light em ission and RT UV lasing
[ 1 ]
. Furthermore,
ZnO can be used as a highly transparent electrode
material for solar cells[ 2 ] , a phosphor material for
converting radiation to visible light at low volta2
ges
[ 3 ]
, a p iezoelectric material in mechanical trans2
ducers and a gas2detection material for m icrosensors
due to its unique electronic p roperties, p iezoelectri2
city, and surface chem istry sensitive to environment.
Various fabrication techniques have been established
for the growth of thin ZnO film s and nanostructures,
such as the molecular beam ep itaxy (MBE )
[ 4, 5 ]
,
chem ical vapor deposition[ 6, 7 ] , vapor2phase
growth
[ 8～10 ]






tion[13 ] , flux growth and template2based synthesis[ 14 ].
We synthesized ZnO film s using a vapor transfer me2
thod. The Zn powders with high purity and H2O vapor
were employed as the sources. After heated at above
800 ℃ and below 1 180 ℃, the Zn powders will be
transferred to gas phase Zn vapor, thus the reaction
equation can be written as following,
　Zn ( g) + H2 O ( g)
< 1 180 ℃
ZnO ( s) + H2 ( g).
D ifferent nanostructures of ZnO film s were syn2
thesized on different substrates. Morphologies of the
grown ZnO film s were imaged by scanning electron
m icroscopy ( SEM ). Film sπ crystal structures and
op tical p roperties were then characterized by X2ray
diffraction ( XRD ) and photolum inescence ( PL )
spectrum, respectively.
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2　Experiments
The reactions of the vapor2phase growth took
p lace in a large quartz tube horizontally lain down in
a rap id thermal furnace. For the purpose of control2
ling the stable p ressure and the high efficient use of
the Zn powders during ZnO synthesis, another much
smaller quartz tube p laced in the large quartz tube
was used to create a zinc2rich environment during
the growth of ZnO. Fig. 1 shows the schematic illus2
tration of the furnace including a horizontal quartz
tube of about 2 m in length and 20 cm in diameter,
and a smaller quartz tube of 15 cm in length and 3
cm in diameter located in the m iddle of the bigger
quartz tube. The huge difference in size between
these two tubes will p rovide a stable Zn vapor p res2
sure during ZnO deposition. The Zn powders and the
substrates were p laced with a distance of about 0. 5
cm in the smaller quartz tube. In this experiment,
m irror2polished p2type silicon wafers of 25 mm in
diameter, such as Si ( 111) and Si ( 100) , cleaned
by acetone and alcohol, were used as substrates.
SiO2 /Si(100) surface was p repared by oxidizing the
clean Si(100) wafer with the alternation of dry and
wet O2 to form about 500 nm SiO2 layer. The Au
covered Si(100) and SiO2 /Si(100) substrates were
p repared by depositing a 200 nm thick layer of Au
on the cleaned Si ( 100) and SiO2 /Si ( 100) wafers
using RF2sputtering (JC50023 /D) with a gold target.
Fig. 1　The schematic illustration of the vapor2growth system
with a large horizontal quartz tube p laced in a furnace
and a smaller quartz tube inside the big quartz tube
The synthesis p rocedures were carried out in
the following step s: first, nitrogen gas was flown
through the quartz tubes for 1 h in order to drive
away the impure gases; second, the furnace tempe2
rature was elevated to 800 ℃ in 1 h with nitrogen
gas flying; third, the temperature was maintained at
800 ℃ for 1 h with the flow of nitrogen gas m ixed
H2 O vapor; finally, the furnace was switched off
and the samp les were cooled down to RT.
The morphologies of the nanostructures were
characterized by using a LEO21530FE2SEM. The
crystal structures were analyzed by XRD within the
2θ range of 20°～80°at a scan rate of 0. 0167°/
step, using PANalytical Xπpert PRO X2ray diffractor
with Cu /Mo radiation source. PL measurements
were taken at RT using a KrF excimer laser line of
248 nm as the excitation source by a H itachi F24500
spectrophotometer.
3　Results and D iscussion
The morphologies of ZnO film s deposited on dif2
ferent substrates at 800 ℃ are shown in Fig. 2. It is
found that the ZnO film s grown on Si (111) [ Fig. 2
( a) ] and Si(100) [ Fig. 2 ( b) ] substrates are more
smooth. Strip shape ZnO particles with different si2
zes and orientations can be observed. This imp lies
that the growth of ZnO has no any dom inate direction
on the Si (111) and Si (100) substrates in this study.
For ZnO grown on Au2coated Si ( 100) and SiO2 /Si
( 100 ) substrates, circle2like2on2top nanoparticles
can be found in Fig. 2 ( c) and ( d). The size is about
10 to 200 nm in diameter. The nanoparticles labeled
as M are flat, labeled as N are gyroidal, and the
extremely bright spot labeled as H can be assigned
Fig. 2　 The SEM images of ZnO film s grown on ( a ) Si
(111) , ( b) Si ( 100) , ( c) Au2coated Si ( 100) ,
and ( d ) Au2coated SiO2 /Si ( 100 ) substrates at
800 ℃ for 1 h.
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as a nucleating clusters. By comparing the SEM
images in Fig. 2, it can be found that the average
size of the nanoparticles in Fig. 2 ( c) and ( d) is
larger than that in Fig. 2 ( a) and ( b). This suggests
that the ZnO growth rate on the Au covered Si sub2
strates is faster than that on the Si substrates due to
the catalysis effect of Au.
The influence of the substrate on the ZnO crys2
tal structure is dep icted in Fig. 3. It is clear that
substrate p lays an important role in determ ining the
crystal structure of the ZnO film s. The film s deposi2
ted on Si(111) has a polycrystalline structure with a
(002) p referred orientation. Secondary peaks p re2
sent are ( 100 ) , ( 101 ) , ( 102 ) , ( 110 ) and
(103). A ll these diffraction peaks can be indexed to
a pure hexagonal wurtzite ZnO structure. The film
deposited on Si(100) has two dom inate ZnO peaks:
(002) and (200). The ZnO film s grown on the Au
covered Si substrates have the most dom inate peak at
around 34°assigned to the ( 002) p lane diffraction
peak besides Au ( 111) , ( 200) and ( 220) peaks
at around 38°, 45°, and 65°, respectively. This re2
sult indicates that the ZnO film s grown with Au ca2
talysis are highly orientated in c2axis along [ 0001 ]
direction. Unfortunately, the use of metal catalyst
for the growth of ZnO film s makes the p resence of
unwanted impurities inevitable. Additionally, the
appearances of Si related diffraction peaks are be2
lieved from Si substrates. The variations in crystal
structure among those samp les on different substrates
m ight be due to the different surface diffusion ener2
gies, and atom ic structure of these substrates, which
affect the surface diffusion and adsorp tion of the reac2
tants ( e. g. Zn and H2 O ) as well as their reaction
rate. More detailed study is needed to be performed
in order to clearly understand the substrate inf2
luences on the crystal structure.
　　The op tica l p rope rtie s of a ll syn thesized ZnO
Fig. 3　The XRD patterns of ZnO film s grown on ( a) Si (111) , ( b) Si (100) , ( c) Au2coated Si (100) , and ( d) Au2coated
SiO2 /Si(100) substrates.
samp les are disp layed by PL spectrum ( seen in Fig.
4). Expect for the difference in peak intensity, it is
interesting to find that all RT PL spectra of the ZnO
samp les consist of only a narrow strong UV peak at
around 389 nm (3. 19 eV ) in wavelength. The UV
em ission band is attributed to a near band2edge ex2
citonic transition of ZnO
[ 15 ]
. W hile there is no green
em ission peak, which is related to some deep level
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transition induced by defects, e. g. oxygen vacan2
cies
[ 16 ] ( e. g. single ionized oxygen vacancies) or
impurities. Thus, ZnO synthesized through the vapor
method in this study is highly crystalline with few
defects and impurities.
Fig. 4　Room2temperature PL spectrum of the ZnO film s de2
posited on ( a) Si (111) , ( b) Si ( 100) , ( c) Au2
coated Si(100) , and ( d) Au2coated SiO2 /Si (100)
substrates ( d labeled as dotted line).
4　Conclusion
The ZnO film s were synthesized by reaction of
Zn vapor and H2 O vapor using a vapor2phase tech2
nique on different substrates. Film sπ surface mor2
phologies, crystal structures, and op tical p roperties
were investigated. The SEM data suggested that
higher growth rate is found on the Au covered sub2
strates. XRD studies indicated that the growth orien2
tation of ZnO strongly depends on the substrates.
ZnO film s grown on Si (111) or Si (100) substrates
p resents different diffraction peaks in hexagonal
wurtzite structure, while appears no sphalerite struc2
ture. The ZnO film s grown on Au2coated Si sub2
strates p refer to grow along c2axis orientation. The
PL spectra with showing only a narrow strong UV
em ission peak reveal few defects and impurities in
the synthesized ZnO film s.
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气相输运法制备 ZnO薄膜
林秀珠 1 , 李　静 1, 23 , 吴启辉 3
(1. 厦门大学 物理系 , 福建 厦门　361005; 　2. 厦门大学 萨本栋微纳米技术研究中心 , 福建 厦门　361005;
3. 拉筹伯大学 物理系 , 澳大利亚 维多利亚 本多拉　3086)
摘要 : 运用气相输运技术在不同的衬底上制备 ZnO薄膜 ,同时对这些 ZnO薄膜的表面形貌、晶体结构和光
学特性进行表征。在扫描电子显微镜图像上可以看到 ,相比没有镀金的 Si衬底 , ZnO纳米颗粒在镀金的 Si衬
底上的生长尺寸较大。X射线衍射测试结果表明 ,在 Si (111)和 Si (100)衬底上生长的 ZnO薄膜显示出不同
的六角纤锌矿结构的衍射峰 ,但没有出现立方闪锌矿 ZnO结构的衍射峰。在镀金的 Si衬底上 , ZnO薄膜生长
取向主要为 c轴方向。此外 ,所有 ZnO样品的光致发光谱上均只出现一个狭窄且强的紫外峰 ,约在 389 nm
(3. 19 eV)波长处。
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